The femoral head in subjects with leg calve perthes disease (LCPD) is generally considerably 27 deformed. It is debatable whether this deformation is due to an increase in applied loads, a 28 decrease in bone mineral density or a change in containment of articular surfaces. The aim of 29 this study was to determine the influence of these factors on deformation of the femoral head. 30
Introduction 51
In Leg Calve Perthes Disease (LCPD) the blood supply of femoral head is disconnected and 52 the femoral head temporarily dies (1) . The incidence of this disease varies from a country to 53 country from 0.45 to 10.5 per 100000 and occurs mostly in children between 5 and 12 years 54
(1-4). Although it is claimed that genetic or deprivation factors influence the incidence of this 55 disease, its etiology is likely to be multifactorial and is not clear (1) . 56 57 A variety of different approaches to treatment have been used for LCPD, including surgery, 58 the use of orthoses, observation and physical therapy (5-12). The main reason for treatment is 59 to reduce deformation of the femoral bone (7) which may increase the incidence of hip joint 60 degeneration and pain in adolescence (13, 14) . 61
62
Treatment approaches used to decrease femoral head deformation are based on reducing the 63 applied load on the femoral head and increasing hip joint containment (5, 7, 10, 15, 16). 64
Containment of the femoral head within acetabulum is achieved by putting the hip joint in a 65 few degrees of abduction and internal rotation until the femoral epiphysis is well inside 66
Perkins line (5, 12, 17) . 67
68
Offloading of the hip joint has being conducted using assistive devices such as the 69
Birmingham splint, Snider sling, or Ischial weight bearing orthoses (10, 11, 15, 16) . 70
71
The main LCPD treatment aims are to contain and prevent further deformity of the femoral 72 head; relieve painful symptoms and restore hip joint range of motion (7). Results of various 73 research studies demonstrate no difference between the outputs of treatment based on 74 joint (21, 22). Although previous studies have examined hip joint load of LCPD subjects, all 87 are based on inverse dynamics and kinematics (18, 19, 22) . To the best of our knowledge, no 88 study on hip joint contact forces has previously been described in this group of subjects. 89
90
Bone mineral density (BMD) is another important parameter which is mostly dependent on 91 applied femoral load. Baily et al. demonstrated that BMD of femoral head in LCPD side was 92 less than that of sound side, which may be due to decrease in loads applied. It was 93 demonstrated that the maximum difference of density related to the femoral neck region (20) . 94
Based on these findings it may be fair to conclude that a decrease in BMD may be related to a 95 reduction in applied load, which should return to expected values if the subjects walked 96 normally. 97 than 50 years ago, there are no studies which evaluate the effects of this hip joint position on 100 increase of the contact area of the hip joint (7). 101
102
There are no studies which evaluate hip joint contact forces in LCPD. The effect of hip joint 103 containment on the acetabular contact area in these subjects remains undecided; there is little 104 information on the effect of containment on the stress and final deformation of the femoral 105 bone. Therefore, the aim of this study was to examine the effect of orthotic management on 106 the resulting stress which develops in the hip joint and to determine the effects of alignment 107 change in relation to this stress. 108
109

Methods
110
Two seven year old boys with symptoms of avascular necrosis of the hip joint participated in 111 this study, Table 1 In which, E was Young Modules of elasticity and ρ was appearance bone density. 166
Hip joint alignment changes (femoral head and pelvic components) were simulated using 167
Mimics
TM software. The femoral bone was placed in abduction, external rotation, and internal 168 rotation with respect to the acetabulum (pelvic). The influence of changes in alignment of hip 169 joint on joint containment was determined based on the number of nodes of femoral head 170 which were covered by acetabulum of hip bone. Resulting femoral head stress developed in 171 Mean values of the kinematic, kinetic parameters and joint contact forces were determined in 177 walking with and without orthosis conditions. At least 10 successful trials for each subject 178 was collected under each condition. Statistical analysis was conductedseparately for each 179 subject, based on conditions (walking with and without orthosis). The difference between the 180 mean values of the gait parameters was evaluated by use of two sample tests. 181
182
Results
183
The mean values of the gait parameters of both subjects while walking with orthosis and 184 without orthosis are shown in Table 2 . As can be seen from this table, walking speed and 185 stride length decreased especially while walking with orthosis (P-value of difference < 0.05 186 for subject 1). 187
Hip and pelvic kinematics were also evaluated in this study, Table 3 . Although the range of 188 flexion and extension motions of hip joint did not decrease significantly in subject 1, they did 189 so in subject 2 following the use of orthosis (29.75±3.14 without orthosis vs. 9.6±1.52 when 190 walking with an orthosis). In contrast, the hip joint range of motion in frontal plane decreased 191 significantly in both subjects (P-value < 0.05). The pelvic range of motion in the frontal plane 192 increased notably in both of participants (Table 3) . Although the peaks of the ground reaction 193 force components applied on the leg increased while walking with orthosis, the difference 194 was only significant for mediolateral force (P-value = 0.04 and 0.01 for the first and second, 195 subjects, respectively), Table 4 . Most of the peaks of hip joint moments increased 196 significantly during walking with the orthosis in both subjects (p-value<0.05), Table 5 . 197
198
The hip joint contact force of both subjects while walking with and without orthosis are 199 shown in Table 6 . Vertical component peaks of hip joint contact force were 13.74± 6.13 and 200 6.27± 2.53 N/BW in subject 1 in walking without and with the orthosis, respectively. In 201 contrast, it was 9.96±3.54 and 12.8± 2.1 N/BW, in subject 2 for walking without and with 202 orthosis. Although the mean values of anteroposterior component of hip joint contact force 203 increased in both subjects, the difference was not significant (p-value > 0.05). The hip joint 204 contact force of the sound side was also evaluated in this study. As can be seen from Table 7,  205 there was no difference between hip joint contact force between involved and healthy sides 206 respectively. There was no difference between density and Young modulus of elasticity 212 between involved and sound sides, Table 8 . The results of joint containment in various 213 alignment of hip joint are shown in Table 9 . As can be seen from this table, the maximum 214 contact area of hip joint was in neutral position in both subjects. However, the minimum 215 number of nodes was in abduction and internal rotation in subject 1 and abduction in subject 216
217
Femoral bone deformation and stress magnitude in the femur, (based on the elastic approach), 218 are shown in figure 2. As can be seen from this figure, the stress developed was more than the 219 stress which can feasibly be tolerated by the bone. Therefore, all analysis was conducted 220 based on an elasto-plastic approach. The results of deformation of femoral bone in various 221 aligned positions are shown in Table 10 . The average deformation of femoral bone was 2.318 222 mm and 1.964 mm in subject 1 while walking with and without orthosis. Although in subject 223 1 using the orthosis reduced the deformation of the femoral head, in subject 2 the deformation 224 of the bone in walking with orthosis was more than that without orthosis. Regarding the 225 effects of alignment on femoral head deformation, the deformation in abduction and neutral 226 position was less than that in other conditions. 227 228
Discussion: 229
Although the etiology of LCPD was described over 100 years ago, there is still a lack of 230 consensus on which treatment approach should be used to decrease the deformities associated 231 with this disease. Although various treatment approaches have being used to decrease the 232 deformation of femoral head and decrease the incidence of hip joint degenerative change, 233 most of them are not successful (7). One of the broadly used methods to reach to this goal is 234 the use of an orthosis. Therefore, the aim of this study was to determine the effect of the use 235 of an orthosis to decrease the load applied on hip joint and hence the deformation of femoral 236 head. Additionally, the study aimed to evaluate the influence of femoral alignment change on 237 containment and stress developed in the hip joint. 238
Femoral bone deformation in this disease may be due to three main reasons which include: 239
Increase in loads applied on the hip joint, change in containment of articular surfaces and 240 decrease in bone mineral density. As can be seen from the results of this study presented in 241 Table 7 , there was no difference between joint contact forces of LCPD affected and healthy 242 sides. It may therefore be concluded that femoral bone deformation is not related to an 243 alteration in hip joint load. No other previous studies have been identified to examine the 244 joint contact force in subjects with LCPD. 245 modulus of elasticity of LCPD and sound sides, Table 8 Table 2 , the moments applied on hip joints and some components of ground reaction 266 force increased significantly, Tables 4 and 5 . This is the same as the results of the study done 267
by Karimi et al (18) . However the results of joint contact force demonstrated that although 268 the mediolateral component of hip joint contact force increased in both subjects following the 269 use of the orthosis, the mean value of vertical components increased in subject 2 (it decreased 270 in subject 1), Table 6 . Results of this study therefore do not support the use of orthosis to 271 reduce hip joint contact force. 272
273
The results of stress analysis demonstrated that stress developed in the femoral bone based on 274 elastic approach exceeded the stress which may feasibly be tolerated by the femur. Therefore, 275 it was decided that the stress analysis of the bone be conducted using an elasto-plastic 276 approach. The results of stress analysis demonstrated that the deformation of femoral head 277 decreased in walking with orthosis condition (in neutral condition) in subject 1, compared to 278 an increase in subject 2. As this part of analysis was done in neutral condition the difference 279 in deformation of femoral bone may be due to change in hip joint contact force. As can be 280 seen from Table 6 , the vertical component of joint contact force decreased and increased 281 slightly in subjects 1 and 2, respectively. 282
283
The effect of hip joint alignment change was also evaluated in this study. Results indicate that 284 positioning of the hip joint articular surfaces in a neutral position may provide maximum 285 contact area, Table 9 . Although abduction and internal rotation increased the contact area of 286 the hip joint surface in subject 2, it deceased the contact surface in subject 1. It may therefore 287 be concluded that the position achieved by use of the orthosis may be not optimal in 288 promoting maximum joint containment. 289
290
The results of stress-strain analysis demonstrated that use of orthosis may decrease the 291 deformation of femoral head in subject 1 but increased it in subject 2. As this part of 292 comparison was done in neutral position it can be concluded that it may be due to a change in 293 applied loads on hip joint. As can be seen from Table 7 , the vertical component of hip joint 294 contact force in subject 1 in walking with orthosis was less than that of normal walking, 295 however, this increased in subject 2. Alignment of the hip joint in the aforementioned 296 positions by use of orthosis seems to increase the deformation of femoral head, due to 297 decrease in joint containment. 298
299
The main limitation of this study was the number of participants. It is recommended that 300 future studies should be conducted using a larger sample size. Moreover, it is recommended 301 that bone mineral density of different parts of bone be evaluated in an increased number of 302 subjects with LCPD. 303 304
Conclusion 305
Whilst considering the limited number of participants in this study, it may be concluded that 306 the deformation of femoral bone is neither due to a change in hip joint load or a change in 307 bone mineral density. Additionally, results indicate that the containment of the hip joint in the 308 positions aligned by use of the Scottish rite orthosis does not increase the contact area of hip 309 joint in all subjects. It is recommended that further studies be conducted using a larger sample 310 size. 311 312 313 314 315 316 Declarations 317 318
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